We have encountered five hemodialysis patients who had received enteral nutrition and recovered from erythropoietin-resistant anemia with neutropenia after the correction of copper deficiency. We reduced the required doses of recombinant human erythropoietin (rHuEPO) to maintain the target hematocrit levels and three patients were finally weaned from the rHuEPO therapy. Thus, copper deficiency is involved in erythropoietin-resistant anemia in hemodialysis patients.
Introduction
Recombinant human erythropoietin (rHuEPO) has been recognized as being effective in the treatment of anemia associated with chronic renal failure (CRF) (1) . While, erythropoietin-resistant anemia has been reported in hemodialysis patients (2) . Causes of the erythropoietin-resistant anemia in hemodialysis patients have been reported to be associated with iron deficiency (3) , secondary hyperparathyroidism (4) , chronic inflammatory state (5) , accumulation of aluminium (6) , and vitamin deficiency (7) and so on. Cop T a b l e 1 . P a t i e n t s ' L a b o r a r o r y P a r a me t e r s a n d t h e Re q u i r e d Do s e s o f Re c o mb i n a n t Hu ma n E r y t hr o p o i e t i n b e f o r e a n d a f t e r T h r e e Mo n t h s o f Co p p e r S u p p l e me n t a t i o n (9) , and the low activity of copper-dependent enzymes such as ceruloplasmin ferroxidase and cytochrome oxidase, has been hypothesized to be a potential cause of anemia (10) . Mitochondria isolated from copper-deficient animals were lacking in cytochrome oxidase activity and failed to synthesize heme from ferric iron and protoporphyrin at the normal rate, perhaps leading to mitochondrial iron accumulation (11) . In addition, copper/zinc superoxide dismutase (Cu/Zn-SOD), an antioxidant enzyme, activity is decreased to 20% of the normal erythrocyte Cu/Zn-SOD in the copper-deficient subject, which may accelerate disposision of superoxide and shorten the life span of erythrocytes (12) .
Previous studies have reported that copper-deficient anemia by adequate copper supplementation gradually improved after three months and neutrophil counts also returned to normal within 2-4 weeks (13, 14) . 
